In the present study, the authors analysed the effects of seasonal variations on the scrotal circumference and semen characteristics in two ram breeds in Saudi Arabia, namely Naimi and Najdi. Five rams of each breed were used in this experiment. Scrotal circumference and semen characteristics were evaluated in each ram twice a month throughout the year. Significant differences were observed in the scrotal circumference between various seasons. The largest production of semen was recorded mainly in spring, whereas the lowest semen volume was produced in summer. The pH of the semen was slightly alkaline and significantly lower in autumn than in spring. Furthermore, the highest value of the total number of sperm per ejaculate was observed in spring for both breeds. The results indicated that mass motility increased significantly in autumn compared with winter, spring, and summer. Progressive motility was significantly lower during the months of summer and spring. However, no significant differences were recorded between autumn and winter. Hence, the presence of significant seasonal variations in semen quantity and quality of Naimi and Najdi rams suggests the viability of increased utilization of rams in spring and autumn for semen collection and reproductive practices. ______________________________________________________________________________________ Keywords: Mass motility, progressive motility, semen volume, sperm concentration. # Corresponding author: mgalmutary@uod.edu.sa A wide variety of sheep breeds exists owing to geographical isolation, cross breeding, selection, and genetic drift. Najdi and Naimi are two native sheep breeds that are found in the Kingdom of Saudi Arabia. Both are fat-tailed sheep. However, the Najdi breed is black coated, whereas the Naimi breed is white in colour with a distinguishing brown head (Ali & Naomi, 1992; Muneeb et al., 2012). In comparison with other domestic livestock species, sheep are widely known for marked seasonality of breeding activity. The phenomenon is regulated by the annual cycle of daily photoperiod. Sheep are sexually active mainly in late summer and early autumn when the day length is shorter. Moreover, physiological and sexual variations in rams are less pronounced than in ewes. For instance, rams are sexually active throughout the year. However, ovulation in ewes is limited to certain periods (Rosa & Bryant, 2003).
A wide variety of sheep breeds exists owing to geographical isolation, cross breeding, selection, and genetic drift. Najdi and Naimi are two native sheep breeds that are found in the Kingdom of Saudi Arabia. Both are fat-tailed sheep. However, the Najdi breed is black coated, whereas the Naimi breed is white in colour with a distinguishing brown head (Ali & Naomi, 1992; Muneeb et al., 2012) . In comparison with other domestic livestock species, sheep are widely known for marked seasonality of breeding activity. The phenomenon is regulated by the annual cycle of daily photoperiod. Sheep are sexually active mainly in late summer and early autumn when the day length is shorter. Moreover, physiological and sexual variations in rams are less pronounced than in ewes. For instance, rams are sexually active throughout the year. However, ovulation in ewes is limited to certain periods (Rosa & Bryant, 2003) .
With the introduction of artificial insemination (AI) in animals, there is growing need to acquire knowledge about the variations in semen characteristics. Semen quality in terms of sperm ejaculate is affected dramatically by the environment in temporary and permanent ways, which include ambient temperature, feeding, age, period of daylight, conditions during semen collection, and management (Foote, 1978) . The reproductive activity of sheep and the effect of season on the quality of semen have been studied by many researchers. A study on the effect of seasons on the reproductive ability of rams raised in United Arab Emirates (UAE) suggested that maximum sexual activity in otherwise continuously breeding rams, observed during winter, was reflected in high sperm concentration (Ibrahim, 1997) . Moreover, monthly variations were detected in reproductive and semen characteristics, such as sperm concentration and motility, ejaculate volume, relative testes volume, and serum testosterone levels, which were found to be higher in autumn (Gundogan & Demirci, 2003) . The quality of semen is influenced by several parameters, including sperm concentration, abnormality, and viability (Zhang et al., 1998) . A study by D' Alessandro & Martemucci (2003) assessed the effects of seasonal variations on semen freezability, and observed that the highest post-thaw survival of sperm was displayed by semen frozen in summer and autumn. Seasonal variations contribute to differences in semen volume, sperm motility, scrotal circumference, and testosterone level. However, the semen of Suffolk and Lincoln rams, and of those raised in Hungary is suitable for AI throughout the year (Oláh et al., 2013; Benmoula et al., 2017) .
On the other hand, a study by Al-Samarrae (2006) indicated an association between reproductive ability and fitness and the genotype of the Iraqi sheep. Abdel-Rahman et al. (2000) reported variations in semen characteristics between native ram breeds (Najdi and Naimi) and imported ones (Merino, Somalian, and Sudanese). The imported rams displayed reduced sperm concentration, but high individual sperm motility and a higher concentration of inorganic constituents. Considerable seasonal variations were observed in various breeds of Hungarian sheep and included semen characteristics such as volume, percentage motility, pH, mass motility, thawing, and heat resistance (Oláh et al., 2013) . The quality of semen, morphological examination of sperm, and the volume of sperm ejaculate are important factors in determining male fertility. Therefore, increasing interest in and the need to obtain more information about the behaviour and reproductive physiology of farm animals have developed (Garner & Hafez, 1993; Talebi et al., 2009) . Comprehensive research has not been conducted on the influence of seasonal variations on the semen characteristics of Naimi and Najdi rams. Therefore, the present study aimed to assess the influence of seasons of the year on the reproductive performance of these two ram breeds.
Ten adult rams (two years old), five of each breed (Naimi and Najdi), were used. Before semen collection began, the rams were examined to ensure that they were disease free with normal testes and sperm physiology. The rams were studied at the animal production farm, College of Food and Agriculture Sciences, King Saud University (KSU), Riyadh, Saudi Arabia, according to the principles and guidelines approved by the Research Ethics Committee of KSU.
The animals were fed concentrate pellets and hay to meet their nutritional requirements. For the qualitative and quantitative evaluation of semen characteristics, semen was collected by electro-ejaculation twice a month from each ram throughout the year. Semen collection was performed by a single person with a battery-operated ejaculator. Each stimulus consisted of 32 pulses, with each pulse lasting for two seconds. Immediately after ejaculation, fresh semen samples were transferred to the laboratory, where they were maintained at 37 °C, followed by evaluation. The semen volume was recorded immediately by measuring the collection inside a graduated glass tube, and its pH was determined with a pH meter by immersing the probe into the semen sample. Sperm concentration was determined by diluting the semen in an appropriate buffer followed by counting the sperm using a haemocytometer slide under the microscope, followed by calculation of the total number of sperm per ejaculate (volume × density) from sperm concentration. Sperm motility was calculated as a percentage of the speed of sperm flagellar movement in a given volume. The mass and progressive motility of sperm were evaluated using the computer-assisted semen analysis (CASA) platform from Hamilton Thorne (Beverly, Mass, USA) to overcome the drawbacks of manual semen analysis in measuring the kinematics of sperm motion. After the semen collection, the scrotal circumference was measured by placing a metric tape at the widest part of the scrotum.
The data were analysed with the general linear model (GLM) procedure of SAS, which was used to perform an analysis of variance (ANOVA). A 2 × 2 factorial experimental design was used to examine the effects of the breed (Najdi versus Naimi) and seasonal variations in the scrotal circumference, and semen characteristics (semen volume, semen pH, mass motility, progressive motility, sperm concentration, and total sperm ejaculate). The data were expressed as the mean ± SE for all parameters. The least significant difference (LSD) was set at P <0.05.
In small ruminants of temperate regions, length of day is one of the most important factors that determine the onset of the breeding season. Marked variations were observed in the scrotal circumference and semen serving capacity among various breeds of rams (Suffolk, Lincoln) from October to February. Moreover, the secretion of sexual hormones such as testosterone, follicular stimulating hormone (FSH), and luteinizing hormone (LH) was found to be season dependent (Dickson & Sanford, 2005; Benmoula et al., 2017) . Semen production in rams is influenced by several factors, such as breed, age, environmental circumstances (daylight length, ambient temperature, and humidity), and management systems, resulting in variations in the semen characteristics (Folch, 1984) .
In the current study, a clear effect of season was observed on various semen parameters. As shown in Figure 1 , significant differences (P <0.05) among rams within each breed were found for scrotal circumference between seasons. The lowest mean value of scrotal circumference was reported in autumn, whereas the highest mean value was observed in summer. These results are consistent with those of Oláh et al. (2013) , who conducted a study on seven breeds of sheep, including Ile de France ram and Barbados Blackbelly ram. Other studies reported a higher scrotal circumference in autumn for bucks (breed of goats) (Al-Ghalban et al., 2004; Kridli et al., 2007) and Karakul rams (Kafi et al., 2004) . Kafi et al. reported that the rams produced superior quality semen throughout late summer and autumn, and therefore could be utilized for AI. Scrotal circumference has been found to be directly proportional to the bodyweight and age of the animal, so mature Awassi rams are heavier and have a greater scrotal circumference than their younger counterparts (Salhab et al., 2003; Tabbaa et al., 2006) . Seasonal variations in semen characteristics of Naimi and Najdi rams are presented in Table 1 . Several authors (Menchaca et al., 2005; Safdarian et al., 2006) have observed an average volume range of 0.5 to 2 mL of ram semen. A higher mean semen volume was recorded among Persian Karakul rams in the autumn, which correlated with the maximum sexual activity of the animals. In this study, most of the values of semen characteristics in Najdi and Naimi rams in Riyadh region were higher than those reported by Ibrahim (1997) for Chios crosses in the UAE. Semen volume, as shown in Table 1 , was found to be influenced by the season of the year, achieving a lower mean value (P <0.05) in summer in both Najdi and Naimi rams compared with spring, autumn, and winter. It remained significantly high (P <0.05) in spring. This is contrary to the study on Chios and Friesian rams in Greece, in which it was observed that semen volume improved in autumn and summer, and decreased in spring (Karagiannidis et al., 2000) .
The pH of semen affects the viability, motility, and capacitation of sperm (Hafez & Hafez, 2000) , which is similar to the result obtained in the present study. The delay in processing fresh undiluted semen could induce semen pH to become more acidic owing to the degradation of fructose by the sperm cells (Hafez & Hafez, 2000; Zamiri et al., 2010) . The best quality and quantity of semen in Naimi and Najdi rams were observed in spring and autumn, unlike previous studies that showed that semen characteristics were generally better in summer and autumn and lowest in spring (Colas et al., 1986; Mandiki et al., 1998; Karagiannidis et al., 2000) . However, in a similar study with Chios rams crossbred and raised in the United Arab Emirates. Ibrahim (1997) observed an improvement in sperm motility, semen pH, semen volume and sperm concentration mainly in winter.
Many factors affect semen quality, such as genetic mutation and environmental changes (AbdelRahman et al., 2000; GÜNdoĞAn et al., 2004) , feed and nutritional factors (Colas, 1981; Toe et al., 1994) , and seasonal variations (Ibrahim, 1997) . Semen quality is also determined by sperm viability, which in turn affects the process of sperm capacitation. Capacitation involves several functional changes in the sperm such as changes in the plasma membrane and appearance or disappearance of certain molecules, culminating in the penetration of zona pellucida by sperm (Garner & Hafez, 1993) . The progressive motility of sperm is significant in determining the fertility potential of sperms. The sperm motility in both Najdi and Naimi rams was lower (P <0.05) in summer. These results are consistent with those of Mandiki et al. (1998) and Karagiannidis et al. (2000) , but were contrary to those of Talebi et al. (2009) . Low sperm motility in summer is a clear indication of heat stress and high temperatures. Moreover, research conducted by many groups suggests that high temperatures reduce testicular activity and semen quality (Phillips & McKenzie, 1934) . In addition, the highest (P <0.05) sperm concentration was recorded in spring and autumn in Naimi and Najdi rams, whereas lower concentrations were recorded in winter and summer. This trend is comparable with the results of Karagiannidis et al. (2000) in Chios and Friesian rams in Greece and Talebi et al. (2009) in Markhoz bucks of Iran. The high sperm concentration and total sperm per ejaculate correlates with high semen volume, indicating an elevated activity of glands and therefore of sexual hormones such as testosterone. Furthermore, scrotal circumference, semen volume, sperm concentration and serum testosterone level are influenced positively by the nutritional state of the animals. Proper health management with a nutritional diet assists in the development of a normal reproductive system. The results of the current study demonstrated no differences between the semen characteristics of Naimi and Najdi rams, which may be attributed to the similarity of nutritional and environmental factors. a, b, c, d Means within the same column of each parameter with different superscripts differ significantly (P <0.05)
In conclusion, the semen characteristics of Naimi and Najdi rams displayed significant seasonal variations throughout the year. However, spring and autumn are considered the most effective seasons for the production of high-quality semen. Semen pH, volume, concentration, and total sperm per ejaculate were significantly high in summer, whereas good sperm motility was recorded in the autumn.
